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Commissioner t« Patents 
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Alexandria, VA 22313-1450 

n«.|«n.tioi. of ITe " ^"-*" Ali^iMdro itt«»«i.ma«tfi iindfr 37 CF.R. 

Sir 

1 I leriberto Alejandro Biistamante, do hereby aaic that: 
, /reside at 1 Barjadda Avenue. Sylvanla. NSW 2224 Amtralia. I received a PhD degree 
in Mineral PnK^ing from Imperial College (Undon. England). My professional expenence .s 

detailed on my resume, attached hereto. 

2. I am one of the inventors of the subject matter of US Patent Application No. 09/646347, 
Oie Vesent application" fled in the United States of America on 4 Jamiaiy 200 1 . 

3 The p«»ent appUcation rehtes to a method for Ibe removal of biological species such as 
Crypmporidium oocysts ftom ^tcf using aluminum based media vrhich contains surface Al- 
Oil groups. 

4 According to the specification of the present application at page 5 lines 5-12. "Particulate 
alumim^ such as powdered and granulated forms, provide an increased surface area per volume. 



Powdered and granular ahimina is readfly available in differenl size ranges. Another particulate 
size range is fixim about l^mo lo about OSmm. Yet another particle she contemplated by the 
present invention is from about Oimm to about 0.05inin". 

5. Batch teste and pilot plant tests (details of which are provided below) were carried out for 
three different alumina size fiaclions by the Applicant. Batch tests were pcffonned lo detennine 
the effect of particle size on the icmoval of OyptosporidHm oocysts by hydrated ahimina Cm 
bed filto' material having diffoent depths). 

6 The Applicant found that an alumimmi based medium which contains surface AI-OH 
groups. e.g. hydrated alumma (AfeO,). was most effective for removing Cryplosporidimi 
oocysts fiom water if the particle siz» is below 1mm. The Applicant found thai hydrated 
alumina (AbQ,) having a medium particle size of less than 1 .0mm and more than 0.5mm was the 
most efRcienl for use m the pilot planllests. 

MATEBIALS 

Ahimina Partkk Size Fractions 

7. partidc sizes of alumina assessed: 

1. LargcpaniclesizeofalummaaJSA)-msizcfactioncomprised particles tiKrtwere 

smaller than 4nun and larger than 2mm. 

2. Medium particle size ofalumin8(MPSA) -11.k$i«fe«5tion comprised particles 

were smaUw than Imm and la^ than 0.5mm. 

3. Fine particle size of almnina (FPSA) - This size fraction comprised particles that were 
smaller than 0.2 mm and larger than 0.1 rani. 

Water 

8. Sydney's tap water was used m all experimcnls. The tap water was spikes with various 
amounts of gamma-inactivahMi C/»»to/w*/i«« oocysts. 
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Sand 

9. Sand was used as control (blank) Qlter material. 



METHODS . ^ 

CryptosporiiBum Oocysts Removal Tests 

10 Two types of removal lesls weit assessed in the study, namely, batch tests and 
continuous tests. The baich tests we«: designed to identify a particle size that would be most 
effectrveforuscinlhepilotplanttest Thepibtplanttests were designed to maximize the 
lemoval ofCrypiosporuJhmt oocysts from a substantial volume of water. 

Batch Tests 

Procedure to run batch tests. , 
,1 Batchtestev.er«camcdoutmagUiSScohnnn(2«mmxI8cm). The glass colnmn had e 

90 micron sintered filter at the bottom U, hold Ihe particles. Before each te^ 

column was tiioroughly rinsed with tap water. In addition, the column was farther cleaned in an 

uhiBSOund balh after eveiy third experiment 

12 •l1«gl8SSCOlumnwasloadedwithhydiBleda]uminaparticle,offme,medimor^^ 
size TTtc amount of hydrated alumina particles in the glass cohu«n differed depending on the 
particle size being tested. TT« loaded cohum. was filled with water to aionnd 2cm above the 
hydnucd alumina particles to prevent working witha "di/ bed of partidc^ 

,3 A5MLaliq«otcontainmgl0^oocyststoLwasaddedto3<toLoftapwatertoobta^ 
oocysu./30mL. TT»e dispersion was vortcxed for around 30 seconds to ensure maximum 

homogenizalion and promote de^lumping of the oocysts. 

14 AII30mLoftapwaterconlaining500C>3pto9«»'irfi«woocystswasaW^ 
col'umnforoncminutcafterwhichthcwaierwasallowedtoflowouL He typical filtmtion 
time from the bed of particles was about 2 minutes. After .be water exited the column, the bed 
of hydrated alumina particles was rinsed with 3 potUons of 5 mL of Oyptosparidium free tap 



ymet. This procedure was designed to ensure that any Cryptosporidlm oocysts that 
-ro^beTnechaniwHylraRpediiFtheOThM^ ' 



15. Mofthe rinsing water was collected and combined with the inftial30iid,.TTjet^^ 
volume of water was approximately 200mL TTie numlw of Cryptosporidium oocysts was 
determined in each 200m L water sample. This proccduic was adopted to avoid subsampling of 
Ibe filtered water and minimise analytical ciror. Sand (or in some cases glass spheres) was used 
as a control material (i.e, a blank) for each oflhe various particle si7fis ofhydrated alumina. 

CootiDttOus Tests 

1 6. Conimuous tests were canied out In a small pilot plant The pilot plant comprised (i) a 
400 L PVC tank, (il) a variable flow pnnq) and fiii) a glass cohunn (50«an x 4cm) comprising 
medhim size alumina particles (MSPA) or sand. The height of the MSPA or sand bed In the 
colunm was about 32cm. 

Pilot plant operation 

17. H»e glass colunm was prepared by placing a 90 micron sfateied filter at the bottom and 
(htm loading die column to a bed height of about 32 cm with MSPA or sand. Water was added to 
the column to about 5cm above the level of the bed of particles. Hic 5cm level of water above 
the bed of particles was maintained constant to avoid woiking with a "diy * bed, 

1 8. Cryptosporidium oocysts were added to the 4001, PVC tank with tap water. The water in 
the lank was continuously stined to minimize settling of (lie Cryptosporidmm oocysts. The 
Cryptosporidium oocysts and water were dien pumped to the glass cotamn. 

19. The average number of Cryptosporidium oocysts in the water fed to the glass column was 
approximalely 3,000 - 3,500 per litre. Under these conditions it was possible to ran the pilot 
plant for 20 days. 
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20. Sand was used as the control (blank) filter material for the pflol plant tests. The particle 
-size :rangcx>f:lhe:sand4iscdiis:control:^^^^ lhal of MSPA, namely the sand particles 

wcfc smaller Aan 1 mm and larger than 0 Jmm. 



Results for batch tests 

21. Table 1 shows the eflfccl of particle size and depfli of the filter bed on the removal 

Cryptosporidium: 



TABLE 1 



Particle Size Fnictton 


Deptii of partick 
bed (dub) 


Oocf9X Removal (%) 


Fine paitioles (less than 200)un more tiian 
lOOfim) 








3 


95 




5 


96 




10 


98 


Medium sue particles (less than I.Omiii 
more than O.Smin) 








50 


82 




100 


89 




ISO 


96 


Urge size particles (less than 4mm more 
than 2mm) 








50 


21 




100 


41 




ISO 


58 



22. Thus, it is apparent, wjih particles having sizes in the range of about 1 mm or less, oocyst 
removal of raore than 80% and even up to 98^. can be reached. Kor particles larger than 2min, 
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ihe percentage removal is much smaller. Particles smaller than 200pn showed good oocyst 



i^moval f-howevcf-fine-partic lc s-are-not-su itable-for appKc^^ in the pilot plant because the 
nilialion rate is low and would require a pressurized filtration system rather than gravity alone. 



Results for pilot plant operation 

23. The operation of the pilot plant demonstrated diat padides having sizes in a range of 
about less than 1mm and more than 0.5mm are workable m a gravity fed fiftration system, and 
enable a reasonable reduction in oocysts. Tests carried out using large particle size alumina 
particles resulted in less than 1 0% removal of Cryptosporidium oocysts. 

24. The average number of oocysts m the column of medium sized ahimina particles (less 
than 1.0mm and more than 0.5mm) was approximBtcly 3,000 - 3,500 oocysts/I. Under these 
conditions it was possible to continuously treat the oocyst-containing water for 20 days. Over 
the 20 days the column was fed with around 9,000,000 oocysts in total. During this tnne the 
oocysts removal by the bed of medium size alumina particles was consistently between 2,5 and 
35 log removal. By comparison the removal of oocysts by medhmi size sand particles only 
reached 0.6 log removal in a period of one week and its use was therefore discontinued. 

25. I hereby declare tliat all statements made herein of my own knowledge are true and that 
all slatements made on infcnmation and belief are believed to be tnic; and further that these 
statements were made with the knowledge that wilHnl 61sc statements and the like so made are 
punishable by fine and imprisonment or both, under 18 U.S,C. §1001, and that such willfiil false 
slatements may jeopardize die validity of flie application or any patent issuing thereon. 
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»f iT.Hh..rto Alei P"'^-" «ii^t«mante imder M C.F.R S1432 

I, Heriberto Alejandro Bustamanle, do hereby state that: 

1 I reside at 1 Barjadda Avenue, Sylvania. NSW 2224 AustraUa 
ihD de^St MiiemTprocessing fiom Imperial College (Londo^ ^^^^J 
professiSa experience is detailed in my resume. F^viously provided to you with my 
Declaration of 7 February 2006, filed 8 March 2006. 

7 I am one of the inventors of the subject matter of US Patent Application No. 
09/646^4^ Z application" filed in the United Stat« of America on 4 

January 2001. 

alumina (AI2O3) having a medium particle size (i.e less than l.umm ana 
0.5mm) was the most efficient for use in the pilot plant tests. 

A The Examiner aUeges that the results of the present invention are not 
texpec^ s^ohl oTparticles having a small diameter would produce more 
surfece area than the same volmne of particles having a larger diameter. 

5 However, the difference in the efficacy of adsorption seen in particles of 
different diameters is not attributable to the change in surfece areaperse. 

Table 1 fbelow) provides a comparison between geometric surface area 
(cm^/.)^"5i^^^^ particle /zes of alumina particles and area occupied by 

\xW Cryptosporidium o(xy^> 



7 • Referring to Table 1, a person skilled in the art, and with kiiowlcdge of surface 
a^ea chemistry, would estimate that the geometric surface area of a I^e spherical 
alumina particle having a,diameterof0.4cm is approximately 3.8 cm per gram. The 
total area occupied by 1 miUion oocysts would be 0.2cm . Based on adsorption 
studies on flat alumina surfaces, it is estimated that an alumina particle surfacearea of 
about 1 00 times the area occupied by a Cryptosporidium oocysts would required to 
capture one oocyst. Hiat is, a surface area of about ZOE-S cm' would be required to 
adsorb each oocyst. This means for example that 4g of particles having a diameter of 
0 3-0 4cm would be sufBciently large to adsorb 1 million Cyrptospondium oocysts. 



Alumina 



Alumina 
mass, g 



Alumina 
density 



Volume 
of on e 
alumina 
partlda. 
cm3_ 



Volume 

of ore 

GRAM 
of 

alumina, 
cm3 



Area of 

ONE 

atum^ 

particle, 

cmgparticle 



Number 
of 

alumina 
partictes 
higof 
alumina 



Area of 
1 gof 

aluntina, 
cm2 



Oocyst 
diameter, 
cm 



Cross 

sectional 

area df 

one 

oocyst, 

cm2 

1.96E- 
07 

1.96E- 
07 



Area 

occupied 

byl 

mOllon 

oocysts, 

cm2 



5.23E. 
04 



Z52E- 
01 



3.1E-02 



4.8E402 



5.00E-04 




6.54E- 
08 



Z52E- 
01 



7.9E^ 



3.9E-K)6 



;^^igi 5.00E-04 



1.41E- 
02 



01 



2^-01 



1.8E401 



jslSlP 5.00E-04 



1^- 
07 



4.19E- 
03 



01 



1.3E-01 



6.0E+01 



5.00E-O4 



1.96E- 

07 

1.96E- 
07 



3.35E- 



2J52B' 
01 



5.0E-01 



7^400 



i ^^^ 5.00E-04 



Table 1 



Pilot Plant Operation 

8 As described in my previous Declaration at paragraph 17, we conducted a Pilot 
plant Operation wherein a glass column was prepared by placing a 90 micron sintoed 
filter at the bottom and then loading the column to a bed height of about 32cm with 
alumina particles: The loaded columns hold about lOOg of alumina particles. 

9. As explained in paragraph 24 of my previous declaration, around 9 miUion 
oocysts were fed throu^ the cohimn over 20 days. 

10 Referring then to the calculations of Table 1 and paragraph 7, if a column is 
packed with lOOg of particles having a diameter of about 0.4cm the total surfece area 
provided is enough to adsorb more than 20 million oocysts. 

11 In fact, the larger particle sizes tested in the Pilot Plant Operation had an 
average particle size of about 0.25-0.3cm. Accordingly the total surface area 
avaUable for adsorption of oocysts using the large particle size m the Pilot Plant 
Operation would have been about 600cm^ and would be enough to adsorb more than 
20 million oocysts. 

12 Accordingly, in theory^the larger particle sizes would provide more tiian 
enough surface area to adsorb aU of the oocysts fed through the column m the 20 day 
period of the Pilot Plant Study. 



13. He larger particles were considered to be particularly useful in the Pilot Plant 
Study as they can be used under in a gravity fed system. By contrast, use of smaller 
particles in the columns of the Pilot Plant Study are expected to cause a pressure drop 
-and a-decrease in throughput such that commercial use of smaller particles would 



requii« a pressurized filtration system to maintain througl^uL 

14 Also, larger particles are easier to handle during cleaning of the column. Ihe 
cleaning prwess requires that the particles are back washed by forcing air through the 
column from the bottom to the top to fom a fluidized bed system. Thelai:gca- 
particles are heavy enough to be retained in the column whereas smaller particles are 
often lost in this process as they are expelled from the top of the column. 

15 However, as evidenced in Table 1 of my previous Declaration and as stated in 
pakgraph 22, particles larger than 2mm removed only a small percentage of oocysts 
in the batch tests. Furthennoie. as explained in paragraph 23 of my prewous 
Declaration, PUot Plant studies carried out using the large particle size ahmuna 
particles resulted in less than 10% removal of Cryptosporidium oocysts. Accordmgly 
even though the lai^er particle sizes theoretically provided more than sufficient 
surface area to adsorb the Cryptosporidium oocysts, the larger particles were not 
effective. 

16 The present invention was achieved by selecting a particle size that is only 
slightly smaller than the large particle size. The oocyst removal by the bed of 
medium sized alumina particles (1 .0mm-0.5mm) was consistenUy betweai 2.5 aiid 

3 5 log removal. In view of the calculations provided above the improved adsoipUon 
cannot be attributed to the increase ui surface area provided by the decrease m particle 
a2s perse. 



Signed 





iberto Alejandro Bustamante 



Place ■ ^ 
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IN THE UNITED STATES PATENTS AND TRADE MARK OFFICE 

-AppIicantrThe Australian National Uiuvere^ AustraUan Water 
Technologies Pty Ltd 
Serial Number: 09/646347 

FUeii: 18 March 1999 

Title: Method of Water Purification 
Examiner Ivars C. Cintins 



^|r^,/^RATTONTTNDF,R Wule 132 

1, Marilyn Karaman of 105 Bandjalong Crescent, Aranda, ACT, Australia, declare that: 

1 lainoneoftheinventorsofthesubjectmatterofUSPaten^^^^ 
09/646347 ( hereinafter referred to as "the present apphcation ) filed on 18 March 
1999. 

2. My qualifications and technical experience are set out in my Curriculum vUae, a 
copy of which is attached as Annex A. 

3 Mv Curriculum vitae demonstrates that I have substantial experience in the art 
of water%Son and particularly the removal of the protozoa 

4 The invention of the present application results to a study of the fl^ 
n;nress for a variety of water treatment chemicals and then- mteractoon with 
Snm^JSens such as Cryptosporidium parvuum (hereinafter referred to as 

Cryptosporidium). 

Lookine at Cryptosporidium particulariy, we tested a range of inorganic solids 
f^rlndii^flS^ Site! rutile, pyrite andJilica along with hydroxylated almmna 
?wptllS^^ of Seir ability to adsorb --?y^J^S^ 

V^rl The i^ults of this experiment are shown in Figure 1. attached herewith as 

Annex B. 

With the exception of hydroxylated alumina, the results indicate that oocysts of 
rr^tZori^^S^ V^^ through columns filled with each of the inorgamc solids 
tSCT^txp^nS^shCed that, of all the soUds tested, the oocysts strongly 
adsorbed onto the hydroxylated alumina only. 

7 The next Question was whether the alumina must be hydroxylated to havelts 
Effect o?adSS Ste of protozoa or whether unhydroxylated alumina would 
Sa^^ th^ s^tffifa^ In this regard, we carried out a series of experiments using 
200|im unhydroxylated alumina particles. 

Th^ nnhvdroxvlated alumina was prepared by heating hydroxylated alumina at 
610»C l^lTv^^o^rt^^^ aUf hoursSuch that die hydroxyl groups 
were removed 



8 Around 1 gram of 200nm unhydroxylated alumina was tested in a column with 
a dispersion of Cryptosporidium in water, the results of which are shown in Figure 2, 
attached herewith as Annex C. 

9 We found that, upon addition of the Cryptosporidium containing water to the 
column around 10% of the Cryptosporidium would be immediately released {permeate 
in Fifiure 2). Furthermore, further washing of the column with water removed the 
remaning Cryptosporidium. Thus, washing the column for the fifth time with water 
resulted in release of almost 75% of the Cryptosporidium from the column, 

10 As indicated in Figure 2, we observed the complete opposite behavioiir for 
hvdroxylated alumina. In this case, the Cryptosporidium were irreversibly adsoited on 
the hydroxylated alumina and no Cryptosporidium were released by washing the 
column wifii water. 

11. I have undertaken a review of US Patent No. 6,054,059 by Latimer croZ 
(hereinafter referred to as the "Latimer patent"). 

12 The Latimer patent describes a filtration material which includes minCTal ^ 
substrate coated with various metal oxides such as AI2O3, MgO or SiOj. TTie coating 
of metal oxide is achieved by heating mixtures of tiie mineral substrate and the metal 
oxides at temperatures between 2000 and 2200 T. 

13 Under tiiese temperature conditions, tiie metal oxides AlA (and SiOj ) will lose 
their surface hydroxyl groups ^ving rise to tiie fonnation of unhydroxylated, 
hydrophobic coatings on the mineral substrate. 

14. The Latimer patent would appear to rely upon electrical affinity between the 
metal oxides and die protozoa as discussed at column 8 line 64 to 67: 

"In addition to providing the filtration material with a desired electrical affinity, 
the surface metal oxides serve as parting agents to prevent the prills from sticking 
together as the intense heat is applied during firing." 

It is unclear from a reading of this document as to how the alumina in an 
unhydroxylated form can act in tiiis manner to remove protozoa from water. 

Further, tiie surface of the agglomerated fine minerals would not be completely 
coated with tiie unhydroxylated alumina. In tiiis regard, I refer to column 9, lines 3-9 
of tiie Latimer patent 

"During firing, some of the surface may be occupied by the surface metal oxide 
and other portions of the surface may be occupied by the mineral fines. If magnesium 
oxide is used, a higher percentage of magnesium oxide on the surface may be required 
compared to the amount of aluminium oxide on the surface" 

15 The hydroxylated alumina of our invention does not rely upon electix)static 
charges as suggested by the Latimer patent Ratiier. tiie present invention relies on the 
strong, specific chemical interaction between hydroxylated alumina and cart>oylic 
groups present on the surface of protozoa. Furthermore, our experimental work shows 
Sat the adsorption of protozoa on tiie hydroxylated alumina is independent of flie 
charge of Uie alumina and adsorption takes place even when botii tiie hydroxylatea 
alunSna and tiie protozoa carry tiie same charge. The experimental work in question is 




described in the specification of the present application at page 14. line 28 to page 15. 



line 10. 



-^4wS&^"a wU« h.4 Shown exp«im».uUy .0 
ineffective in adsoAing protozoa oocysts. 

The undersigned declarant declares that aU the statements made herein of her 

validity of the application or patent issuing thereon. 
Datedthis XfK /^-^^ 2002 



MARILYN KARAMAN 
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NANffi- Marilyn E-Karaman 

105 BandjalongCres..Araiida. ACT 2614 



xiA- gnNALTTY : Australian _ _ 

UTnrriTTorir"'^^TrF'"*™Ns ■ 

Education (Completed in 1984). 
Education (Completed in 1985). 

Ora^ rxplon. m ScUnce Pass <C^^). ^ ^''^ 

University (Completed in 1991). 

-*,vj^^to The Australian National University, 
Graduate Teaching Program Certijicate. IHe Ausirai 

(Completed in 1995) 

, „, u /rwc/rv) The AustraUan National University 
Degree of Doctor of Phttosophy (Chemistry), i n^ ^ 

(Awarded September 2000). 

Surface For<«". _ oj^veisity of Western Australia). Pro£ Tom Healy 

^X^«?SS:T„n„o%y.ar^(S-den)- 



^^^^ ^ ^ \ . thesis vms "cutting edge" in the designated topic. 

Stated that each chapter m the thesis vms cu » ^ 

. j„ MTh^ th*»Qis is truly a substantial contnbution . inc wui 
"self contamed". "The thesis is uuvy as, ,„u„«tnrv chemist" "the most 

noteworthy features of to thesis IS tue van J _ ^ ^ 

*e has used-. various ^e. -^^ 

..^nsive *t of "P-^^^^J Jf^'l.^^.isau.urdeforoe". 
den»nded". "fccmatmg results . ^ ^ ^„„n,y of style 

-I„ tenns of presentation the candidate ™tes """^ ^ 

^ . me indicates son-eone « illustrated 
vrith their theoretical.backgraund and connotations . m th«^^ .s 
^hoo^authorscouldlearnftonrtl^c^^ 

n A .„Kofor,t,«l nart of thc rcscarch has been aireaoy v 



V ♦ 

^ Umversities have . categc cum taude and it is my opWon fl«t Ms 
fl^ she should be &voumbly coimdered for a University Pnze . 



J^^^^ p,^ Ais thesis as it oovers such a broad ^ectr^f 
K, J iH-^and coUoid scieuce. Many of the experiments presented »e really 
TrTp^dTlhasusedanumber of techniques that by themselves are qu.» 

t^^'J^r^^^ ^ of v«y good cuality. TTe amo,«« of wo* p.t m th» 
mcky yet she has otnm ^ Tie ftesis also 

t: rr:t" — — - - — - - 

theses in the future". -u^ », "tamressive" "new" and "interesting" 

■IlK various ch^ters were descnbed as mipressive , n 

experiments "very clever and very well earned out". 

^^'^.hesisis.heb.s.produced onel have everread : . congratulate the author 

«„*" "Uprovok^". "concise", "tantalising stufi" containing "some very elegant 

experimental work". 

aa^MAEXOEJn n'^w wq^k pxpprience= 

over the last 25 years 1 have gained extensive experie«e in laboratory pn«tice 
^ Jit 1 a^oal and physical chemistry. During my undergn^u^ 
rdi^mple.edamaJorinChemis.rywi.e,ectiv.inM^^^ 

.veas.»ngbaclcg.u^.--^r;^^^^^ 

and surfece chemistry (both as a RA II and as a gran ™lioimmunoassays, 
val^le experience in microbiological techmque*. ."^^^''^^ 
yaivauisi medical research in general, because oi 

^Bolabeiling (organic synthesis) and a fed f<^n«^^ ^ 
nq, mvolvemem in immunosuppression research m flK John Oirtm 

^'ri^ fl^^^'involved in memb«ne design and production of a new 
, Ifrir^r.^ — »W me'"*^*- and the design of a novel 

in the lodgement of patent applicatiom naming me as an ii.v^«/^r. 



July 1974 - December 1975: MairickvUle Holdings (ETA Division), Irmm 
CbsnM Analysing a wide range of food products, raw materials and in process foods. 

Deceinberl975 - July 1977: A.P.D. Snack Foods, Quality Control Analyst . Analysing a 
wide range of food products,raw materials and in process foods. 



July 1977 - September 1978: Soul Pattinson Uboratories, f^boratQry 4 , mfvst 
fn,.nlitv A,,urance). Responsible for quality assurance analysis on a wide range of 

T rznrr..*:-.-.! ^^a,,^*^ mati^naU and the in-orocess Boods< 



pharmacwtical products, raw materials and the in-process goods 

SeDtember 1978 - April 1980: Helena Rubinstein, (?i/a/r7v As.mranc^ Chemst, 
Perfoiming similar duties as above for a wide range of cosmetic products mvolvmg both 
chemical and instumental analysis as weU as colour matching. 

July 1980 -September 1985: Department of Chemistry. ANU. 2kda« 
Omcer I played a supporting role in the teaching laboratories involving the preparation 
^f^'eiiaduate starting materials and lecture demonstrations, preparation and 
standardisation of solutions required for practical classes. Recov«y of precious metak. 
Demonstrating techniques involved in undergraduate radiochemistiy expermients. 
Operating the AAS and 360M NMR as a service for undergraduate classes. 

September 1985 - July 1997: Department of Applied Mat^, Res^h School 
of Physical Sciences and Engineering. ANU, fff.Vfffrrft fi^mtf^nj Org^^ II Involvmg 
varied interdisciplinary research which in the past has ^^^^"^^^^^ 
(radioimmuno -assays) - MLC, radiolabelling. orgamc synthesis, freeze fracture/fr^ 
etch, TEM, SEM, membrane design using polymerisable microemulsions, unagmg AFM^ 
Colloid Probe AFM measuring forces in a variety of systems mcluding between cast 
latex fihns in the presence of various additives. 

August 1997 - November 1997: Department of Chemistry The Faculties, ANU. 

A..i.fnn, Grade IL Measuring forcesm a variety of ^y^^^^^^^^f^f^ 
Oight lever instrument for force evaluation). LLIFE is an m-house bmlt AFM dedictated 
solely for surface force measurements. 

November 1997- April 1998: Australian Water Technologies - Ensight (Wert 
Ryde. Sydney), Consultm Involved in interdisciplmaiy research, usmg 
Sstry tecliuq;;^^ as microelectrophoresis. FESEM and Atomic Foree 
Microscopy to study the pathogenic protozoa CrKPtojporiAttm. 

Mav 1998- April 2000: Australian Water Technologies-Ensight, Emiromntd 
Invdved in enviromnental pathogens (e.g Cryptosporidium) «id water 
SSt researeh. Standard surface chemistry techniques and AFM wer^ used to s^dy 
STflocculationprocess for a variety of water treatment chemicals and their interaction 
with environmental pathogens such as C/y;7/05por/</iwwpfln;««m. 

April 1998- April 2000: t^c/tf^y Fellow in the Department of Chemistry. The 
Faculties, Australian National University. 

Anrii 2000 Present- Department of Chemistry, The Faculties, ANU. Resgarch 

IS meLS forces betwL fluorocarbon coated surfaces to elucidate the nature 
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Figure 1. Comparison between hydroxylated alumina (CryptoBlast™) and a wide 
range of other inorganic solids on oocysts elution from column with water. 
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Figure 2. Cryptosporidium on unhydroxylated alumina (n) are readily removed by 
washing with water as opposed to Cryptosporidium on hydroxylated alumina (g) onto 
which the oocysts are irreversibly adsorbed 
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The Determination of the "True" Filtration Characteristics 
of Diatomaceous Earth* 

Robert J. R. Reed and Ma ^^^^^ ^^^^ ^^^^^.^^ .^^.^.^^ ^„ , 



ABSTRACT 

Thcflowthroughanymterb^^^^^^ 

the bed. which may be « Conventional 
bed and the void volume (oi ^°«*»8"0 b^^^^^^^ 
„eas«rementbyCoulterCou^^^ 

and void volume by d,splacem«t of vo^^^ ^ 
values of P«"""*;^'' ^V-l^'Siawm^^^ 

(intenialvoidvolume)of thediatomac o J measurements to the 

for in the straight ''Pf '"f " .^d ^^Sjed ^ 

calculation of permeab.hty. ^ '"''''^ f ^^^^^^ be determined by the 

''t tn""het:ium« ^ beS^ co'mprising mixtures of 
analysis of data on J" nitration charactenstics. The 

diatomaceousearttea^pan^lcs of^^^^^^^^ H^^^ Super«^ 

diatomaceous earths f ^ respectively; the effective bed 

have toul void volumes of 83, 86. 3' '^'T, .nd 58%. These resulu 
void volumesformtration bov^^^^^^^^ , , ,^ 

imply that true cou^^^^^^^ The method also gives an 

greater than indicated by the C"" Elective bed void 

indication of the s.7.e o the vo d, '"^J^ predictions of permeability, 
volume and true particle siie permeability. 

type and expenence 

alone, without recourse low" ^„ f- j-ta for diatomaceous 
on fuU-scak plant, ^ith^f ^uPph^^^ 
earthareavailable.mostofthe.nfwman^^^^^^^ 

the filter room mwa^^^^^^^ 

j-rmi^r^^^^^ 
^f^T:or.1;5^» - 

detet^mitjetheijr^c^^^^^^^^ 

t Jllrffi^a^^^^^^^^^^ by the Darcy or pressure e.ua«o„ 
(!)• 



0 



and 



(1) 



(2) 



where AP = pressure drop a-ss tje fl^^«r =^ t^^^'^^ 
u = nominal velocity or now V^\'^P" JJ^ U ^oid volume or 

:^Z:l:t:rTorir;^^.%r unit volume of part.cles; and 

K = consunl (Table I). nrincioles and have 

These equations can be d^n^ed from PXe^nneability 
been shown to hold PJ^^^^'j Sequationl from the 

S"rnr;;M 

■Prese nts, at .he 52nd An.u.1 Meeting. Tucson. AZ. May ■9»6_ 

M987 American Society of Brewing Chemists, inc. 



is a true experimental result that, allowing for variability in the 
anSSSficsutSaceareaoftheparticl^^^^^^^^ 

EStllnTtbTen.conventi^ 
volJme and particle si« i^^^^-f^^^ i^'SSu ated 
calculatiott of ^P^'^'^/l^^^^blVS^^^^^^^ 
nermcabi ities (from «• and dec, i aow ") bt 
K calculated from pressure drop data ^nJXS j .^^i^i^ 
Whereas an estimate of specific surface area of filler aid pan««w 

Accordingly, in this paper f ^ 
from the specific surface area of P^-^'f '^J"^,^ „ea using 



TABLE I 
Definitions of Terms and Symbob 



Symbol Deflnttion 



Pressure drop (N*m^ ) 
Viscosity (kg-m' ) 
Nominal velocity (m-s ) 

Depth (m) 

K;£rdrare«;.^?easu«d by coulter ^ 

volume of particles (m-, 

Void volume * 

Total void volume (%) 

Effective bed void volume (%) 

Permeability (m* = 10 ) 

Permeability equation constant . , .-u 

Density of solid fraction of filter a>d (g ml ) 

Dry bulk density of bed of filter aid (g^ndj 



u 
L 
d 

dec 

deff 

s 
e 
et 
eb 

K 

P» 
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is described in this paper . 

EXPERIMENTAL 

"""nne 1 rFiR 1) is a somewhat idealized case, although it can be 
Line 1 (t-ig- W » " » , vy,,g ,j,e particle size of the 
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Fig. 1. Schematic representation of the increase in bed volume of Hlter a.d 
on addition , of filler. 



wide range of sizes, so that the smaller filler particles will fill in 
wtano»£ishinglM.lt~Sve ted void .olumcoTdB^^ 




0,4 0,5 



Particle Size (^m) 




Diaiomaceous 
Earths 

Celite 578 
Standard Superccl 

Hyflo Supercel 

'Measured by displacement of liquid. 

^Calculated using equation 6. 
'From pressure drop data. 
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achieved any fluid can be used to form the bed. consequently both 
watirandairweretested-Airhasthepotentialto^ 
rapidirbutunfortunatelycausedirregularpackingand resulted ,n 

bed volumes larger than those obtained with water. 

MeasuremenU of Effective Bed VoW Volme-Procedur* 

The apparatus used for these experiments was the EBC filter (Z). 
This devi« was designed originally for measuring the permeability 
of filter shMte and-filter aids in conncction-with.equation.l. 



'irEBC mter ^mpri^ a7-surizcd Slass' cylinder ^th 
internal diameter 50.5 mm into which filler aid may be loaded from 
S S aid collects on a Whatman No. I filter paper tha is 

^i^SrtftWse-of the filter and is firmly sealed-o^^ 
upport plate. Anyliquid is extracted viaasyphonconneaed to the 

S«tu^s beneath the support plate. In order to achieve a«ur«^ 
inthe bed depth measurement within l%.abed depth of atleastS^ 

mm is required to accommodate the error of ±0.5 mm m depth 
TasirSent. This is equivalent to roughly 40 g of combined 
diatomaceous earth and filler. ^ 

-n,e diatomaceous earth and filler cannot be added to ihcfUter as 
a dilute slurry, because the rate of filtration is too slow to prev«^^ 
differential sedimenUtion of particles of different swe. The 
mateS must be made up into as thick a slurry as possible 
commensurate with pouring it into the fi'^^^yP'-J^^^^^ 
water oer 50 g of filter aid and filler was used. As much of the Filter 
rdaXller was scraped into the filter as possible, butnoattempt 

was made U. wash in the residual quantities, although on occasK.n 
k wS necessary to agitate the slurry to remove air pockets The 
r ItTw^ then^aled Ind top pressurized with air to between 2to 3 
atmospheres. As the materials used form a noncompressible cake. 
thSSTr^sure is of no importance. Following this procedure 
no sedimentation occurred, and the water was simply squeezed 
ftom tkT^. once the filter cake formed and air had blown 
hrough. the depth of the bed was measured usmg a broad-ended 
diS subtracting the distance between the top of the bed to the 
friTrhe filter from the overall depth of the filter. The residual 
Q uant ity of solids not poured into the filter was dned and weighed 
Sh?recorded depth of the cake was corrected to account for 

'*"Th^"i^^ure was used with 50 g of diatomaceous earth and 
wiJ^ nSS^roportions of filler. The volume of the filler per 
3tweS?wafass^edusingtheaboveprocedurefor50goffiller 

alonrSO g of Gasil 23D has a bed volume of 181 ml. The volumes 
of filler and the bed volumes of the mixtures were expressed as a 
oerwntaKe of the bed volume of 50 g of the diatomaceous earth 
Sr^t A graph of percentage volume of fiUerven^ 
pereenuge increase in bed volume was then ^tabhshed The bed 
S volume of the diatomaceous earth was read directly off the 
X-axis, by back interpolation if necessary. 




8 16 32 



Particle Size (;im) 
Rg. 3. Apparent particle size profiles by Coul«r Counter of the 
D^tomceo* Earths. Standard Supereel. and Cel.te 578. 



Mbcellaneous Analyses . . 

Coulter counting. The procedure and conditions used to count 
and size the suspended solids in beer (Fig. 2) were those 
recommended by Morris (5). o 

Particle sizes of filter aids and Gasil 23D. Measurements (Figs. 2 
and 3)weremadeusingsuspensionsof0.1 g/L in 2.5%w/w sodium 
chloride electrolyte. . . . 

Bed volume. The bed volume of the filter aid was asswsed 
Jollowing t he procedure outlined in Experimental but without 

"'rtenjiij' of the solid fraction of the filter aid p.. A 100-ml 
volumetricflask was dried and weighed. Roughly 15 g of perlite or 
_20 g of diatomaccous_carth.was added as a dried powder to the 
flask. The flask was weighed and the exact weight of «'»fr 
calculated. Water was added carefully to the flask until the 100 ml 
mark was reached. The flask was then reweighcd, and the weight 
and volume of water were calculated. The density of the filter aid 
was then calculated by 



pj - 



Wt filter aid (g) 



100 ml - volume water added (ml) 



(3) 



Total void volume. The total void volume is the ratio of b«l 
volume not occupied by solid material to the bed volume. U is 
frequently expressed as a percentage. 



Tbed volume - weight"! 
bed volume 



100% 



(4) 



(5) 



where Pb is the dry bulk density of the bed. 

RESULTS AND DISCUSSION 

The total void volume, i.e.. the proportion of a bed of filter aid 
not occupied by jo/W material, is 86% for Standard Supereel and 
83% for Celite, which are supplied by Johns ManviUe and are 
commonly used in the U.K. brewing industry. Total void volume 
was measured by the technique outlined in the Expenmental 
section, and these figures were typical of those quoted by suppliers. 
A common method of measuring the size of diatomaceous <»rth 
particles is Coulter counting, frequentiy used by suppliere of filter 
aid Figure 3 shows the particle size distribution for Standard 
Supereel and Celite 578. The mean diameters are 6.8 for the 
Standard Supereel and 7. 1 Mm for the Celite. Placing these figures 
for total void volume and particle size into equaUon 2 yields a value 
for fl of 8 pm' for Standard Supereel and 6 pm for Cehte. It is 
assumed for the purposes of these calculations that the constant K 
is equal to five and that the particles are sphencal. The true 
permeabiUties derived from pressure measurements and equatior 
1. on the otherhad, are0.2Mm' and 0.07 ,im\ respectively, as giver 
in Table II. Not only are the values of /S calculated using toUl vou 
volume many limes higher than found in practice, but tht 
difference in permeability between the two filteraids, ascalculate* 
from equation 2. is greatly diminished. Furthermore, if total vow 
volume is available for entrapping beer particles, it i? hard t. 
understand why so much diatomaceous earth has to be used a 
bodyfced in practice. u . .i. it 

The reason for these discrepancies is not that the well 
established filtration equations do not apply to brewing material 
but is found in the structure of diatomaceous earth. Each particle i 
the siliceous exoskeleton of a microscopic marine organism. Whi 
a proportion are fragments of broken skeletons the bulk are whol 
units. Each unit has a hoUow center connected to the outside b 
minute pores. In Figure 4 a whole unit is attached to a broken um 
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revealing both the external and the internal structure In most 
reveaung U accordingly have high 

fqui? hr^^^^^^ and Consequently reduce the ini.Portan^ 
he porosity, i.e.. internal void volume of the particles, .n filtration. 
Tht^Sfr^gm^nls also tend to be porous, and consequently 
LhavL much like complete diatoms. Thus, the effective bed void 
J:£requdto the total void volume of the f '"raid mmus the 
porosity of the particles. The particle porosity also means that care 
rJst be^Ukenwhen^nterpretingCpulte^^^^ . 

TheCoulter Counter monitors the change in electrical resistance 
of iSufd Ised by the presence of particles with a conducuvity 
Saferent from that of the liquid (4). It measures the numberof 
particles and the volume of-solid materiaLm the parfcl^s The. 
Eart cle diameters are calculated on the assumption that the 
des are spherical and have zero porosity. Thus, with a porous 
rucafre!ruch as diatomaceous earth, the Counter registers on^ 
ic solid fraction of the particles and consequently underestimate 
he true volume. It therefore follows that for the true size of a 
poroS pirticle. the Coulter Counter size must be increased by an 
amount equivalent to the porosity of the particlc. 
T?s the^ over-estimates of void volume and underestimates of 
narticle size and specific surface area that are responsible for the 
Sees ivS high values of permeability that resuU from 
SSlSbasf d on total void volume and mean Coulter Counter 
size in equation 2. 

r/fectl ve Bed Void Volume of Diatomaceous Earths 

Th^ results of the bed volume experiments for three 
diaToLSotearthsaresummarizedinF^^^^^^ 
Celite has the lowest true permeabihty. 0.07 M/n . but has 
effectively the same mean Coulter Counter particle size of 7 Mm as 
lundaJd SuLrcel. which has a permeability of 0.2Mm', i.e.. three 
fimSs ^wter^Hyfi; Supereel. which is used as a first precoa, tos a 
Coulter Couniefparticle size of 10.7 ^ and high true 
permeability, 1.62 /im . 




The results in Figure 5 indicate effective bed void volumes of 
27% for Celite, 33% for Standard Supereel. and 58% for Hyfio 

^ Thrfnitial gradients on Figure 5 are easily accounted for by Uie 
reasoning given earlier. The voids m the P'~o« f'J" "J- "^^ 
Supereel? are sufficiently large to encompass the filler particles 
wUhom any separation of the Hyflo Supereel particles. This was 

S true foi sLdard Supereel and especially for Cehte^^J'j;! 
there was considerable overlap in the particle sires with those of the 

Sfer (Figs. 2 and 3). Some 20% of the Celite particles were simiUr 
in size to thoseof the filler.-resultinrin-a-rnarked premture Wl 
expansion. This also indicates that the average size of the voids b 
smaller in Celite than in the Standard Supereel, in keepmg wth the 
generaUy held view of Celitc's superior removal of haze material 
"from beer: This is confirmed by the fact that Ohte had^I-^J™" 
more particles per unit weight than Standard Supereel (based on 
Coulter Counter figures, or calculated from the data m Fig. 3). « 
follows that the greater the rate of premature bed expansion for 

any given filler, the smaller the size of the voids. 

AninterestingpointwithStandardSupereelandHyfloSupercel 

is that the rate of normal bed expansion is not unity but 0.», 
indicating that some 10% of the filler was finding its way into he 
internal voidage of the filter aids. Considenng the pore «^ »« ^ 
diatomaceous skeletons and the small sizes of some of the finw 
filler particles, this is hardly surprising. With larger addition rates 
the bed expands normally. 
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ng. 5. Effect of increase in bed volume of diatomaceous earths on addiuon 
of filler. 




Fig. 4. Electronniicrograph of a diatom in Celite 578. Magnification 
X 3,000. scale length 10 nin as indicated. 



Volume of Addition of Filler (%) 

Fig. 6. Effect of increase in bed volume of perlites on addition of filler. 
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Effective Bed Void Volumes of PetHto ^^^^ 
Tte d... °° "° ^.S,"' nffi, compose os.mi.ny »i 

This ""y- '™'f„^'rf;^S" 

results on pcrlUe funhev indicate that the technique 
These f,^"!^^°"j;j„g effective bed void volume has potential 
o7S:Se?minatToTorze^^^^^^^ 
Cessment of particle cutoff size ,n filtration. 

Solids l^fl"! bed void volume of diatomaceoiis earth, as 

dry weight basis ^^} J^^'^^l°^^l ^^fiuer aid is progressively 
loadings of suspended solids the t«d ot "^^^^^ H 

choked with solids, and ^^^^^^''^^ f ^^f;;,^* / 83%^ 
effective bed void volume ''^^^J be n:83 
Ste^rflV; "TS^^^ Pe^ nve pans 

S^C^leX^^^^^^^ 

substantially rnorc^^^^^^^^ Hve times to give a 

to assume that increasing u > contrast, if the effective 

ratioofl:l>«ouldma.nta.^^^^^^^^^^ 

bed voidage « ?f ^^"ain it is assumed that this ratio 

in the filter aid would '^^2- 1 • "^^f bed when fihering 

Z:;:^!^^^ » aid-to-suspended 

nttr^t/o^onaweight^.^^^^^^^^^ 

volume of water bound in the beer «>Uds supported the 

Experiments on a ^l^^ %ndi aS^^^ 
10:1 optimum ratio for ''o* V"*^"^ differences in the true 
urmsofmiunnum^^^^^^^^^^^ 

ro^eii^^rcK 



and had little effect on the capacity of the filter aids to entrap 
matter. 

True Siie of Diatomaceous Earth Particles „f .hesolid 

TouUerCountersizesonly correspond tothevolumcofthesoM 

;« rhTnkrticles being measured. As diatomaceous earth compr»K 
Vlfow^T-^^^^^^^^^ the sue of ^l^sc Pajt^^^^^^^^ 
incrcasedtoencompasstheparticleporosuyj^^ 
of the particles is therefore equal to the Coulter YO«m« ° 
^uitJnlicd bv th e cubed root of one minu s the effective bed voiQ 
ToSSJby one minus the ^''^"^'^l-^^^SS?: S 

permeabilities in equation 2. 



Effective 
particle size 



{Coulter CounterY j / ^ 
particle sire > s ~ 



(6) 



x>i^i.oni»n nf Beer Filtration with Diatomaceous Earth 

wJ^r he effSe bed void volumes and the effective partic e 
diaS deS from Coulter Counter J^'.J'^S^l 
por^ity. the calculated permeabilittes "i^J^, 

J^LwebedSTolumeforCeliteand Standard Supercelaretoo 
Sn?a«^r of aCuhree. However 

Mhe'cicirtldp^^ 

between one and two orders of magnitude too large. 

pXability is critically dependent on void volume as 
illustrated by'the fact that J 

<!iinercel having twice the permeability of Cciite, « „ 
from the effective bed void volume and effective particle sac The 
Slr^L betw^^^ the true permeability and the pcrraeab.lity 
SSS f^ omfhe effective b^d void volume may be «Plamed m 

irurme^^;^:;::: 

ESSbSt-;s^?r^^^ 

-£Sr;ijo*ni?.r^^^^^ 

Somaceous earth, and the porosity of the parities .s responsible 
d,atomaceo« Whereas the first possibility may well be 
part a5y rur£ s«onnossibilit^ is Ukdy to be the most 
KStant JSce the data show that fine material can be washed 
•Ke Swrnaf pores of diatomaceous earth particles, indicating 
C tiuTthrin the case of Hyflo Supercel eve« if tl« flow 

oieX™'*"'«^^ 

CONCLUSIONS 

The effecuve bed void volumes of diatomaceous earth for the 
enJ apmeS of suspended material in beer or other liqu.ds may be 
"S^tJeasudngtheincreasein bed volume of the earth after 

volme measured by volumetric techniques and .s approximately 
for bodvfeed-grade diatomaceous earths. 

^he effeS particle size of diatomaceous eartl« is tha^ 
Ja^Jr^ S^Je Coulter Counter multiplied by a factor that allov« 
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IV. DIATOMACEOUS EARTH 

of about 90%. 



products, also known as < 



applications. 

Celite 521 is acid-washed and contains about 94% SiO^. It is suitable for use where exceptional 

purity is desired. 

The Celatom® products are flux-calcined, with a pH (10% slurry) of 8.0-9.5. and specific gravity of 
2.33. 




white-grey/ 

Jink 

:elite is a registered trademark ot JohnsManville Corp. 
Celatom is a registered trademark of EaglePicher Industries. Inc. 
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